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appear to be blocked by mineralized material and bone formation (Figs. 3, 5) .
In humans, psammoma bodies do not appear to cause any clinical signs and are, therefore, thought to be physiologic. 8 Similarly, in raccoons the mineralization of small capillaries in the meninges and the choroid plexuses appears to be a common incidental finding.
Anaplasmosis is an economically significant and widespread disease of cattle and other ruminants in tropical, subtropical, and temperate countries worldwide. 4, 7, 17 The infectious agent, Anaplasma marginale, is a rickettsial hemoparasite transmitted either biologically by ticks or mechanically by other arthropod vectors. 1, 17, 25 Based on 16S ribosomal DNA gene sequence, A. marginale recently has been classified in genogroup II of the Ehrlichaea. 23 During the acute phase of anaplasmosis, rickettsemia doubles approximately every 24 hours for 10-14 days, resulting in severe anemia and weight loss with possible abortion, jaundice, and death. 2, 8, 12, 24 Diagnosis of acute anaplasmosis is based on clinical signs, anemia, and Giemsa staining of peripheral blood smears for typical intraerythrocytic Anaplasma inclusion bodies. 17, 24 Recovery from acute anaplasmosis results in a long-term or lifetime carrier state, during which the rickettsemia cycles at levels undetectable by Giemsa staining. 6, 17, 24 Cyclical levels of rickettsia in persistently infected cattle fluctuate between 10 2.5 and 10 7 infected erythrocytes/ml, with the lowest levels lasting approximately 5-8 days of every 5-6-week cycle. 7, 9, 12 Because persistently infected cattle serve as a reservoir for the spread of A. marginale, their detection is im- portant for both herd health management and movement of animals into and out of endemic areas. Detection of persistently infected animals can be accomplished either by identification of the infectious agent in blood or by detection of A. marginale-specific antibodies in serum. 7, 24 The complement fixation (CF) and card agglutination tests have been the most frequently used serologic tests for anaplasmosis. 18, 24 The standardized CF test is commonly required for interstate or international shipment of animals. 24 Estimates of the sensitivity of the CF test in published reports range between 9.4% and 99.9%, 10, 11, 16 and the specificity generally is thought to approach 100%. 11, 16 Recently, the results of a field study assessing the sensitivity and specificity of the A. marginale recombinant major surface protein 5 (rMSP5) competitive enzyme-linked immunosorbent assay (cELISA) for detection of persistently infected cattle in an endemic region was reported. 21, 22 The rMSP5 cELISA previously had been demonstrated to detect MSP5 antibodies in cattle experimentally infected as long as 6 years previously 13, 21 and to have a specificity of 100% (99% confidence interval of 98-100%) when testing known negative cattle from a nonendemic region. 13, 21 Nested polymerase chain reaction (nPCR) of the msp5 gene, followed by hybridization to confirm that amplicons were derived from msp5, was used to stringently define the true infection status of 235 animals in a herd in which carriers previously had been identified. 21 The msp5 nPCR was demonstrated to detect as few as 30 parasites/ml in blood of persistently infected cattle, well below the lowest level of rickettsemia detectable by routine microscopy. 21 An animal was defined as a true positive when nPCR produced a product of 345 bp that hybridized to an A. marginale msp5 probe and as a true negative when no amplicon was present or when no amplified band hybridized to the msp5 probe.
The availability of a large number of sera from confirmed A. marginale true positive and true negative cattle provided an opportunity to more definitively determine the sensitivity and specificity of the anaplasmosis CF test in a naturally infected, endemically stable population. Therefore, 232 of these defined sera were tested in the standardized CF assay. The CF test was performed with standard microtiter procedures using commercial guinea pig complement, antigen provided by the National Veterinary Services Laboratories, and sheep red blood cells sensitized by commercial rabbit anti-sheep hemolysin. 3 The CF test correctly identified only 30 of 150 nPCRpositive animals ( Table 1) . Nine true positive animals were suspect reactors at a 1:5 dilution, 7 were positive at 1:5, 8
were positive at 1:10, and 6 were positive at dilutions of 1: 20 or greater. Of 150 nPCR-positive animals, 120 yielded false-negative CF results. One nPCR-negative animal had a false-positive CF result at 1:20, and 1 true negative animal was a suspect reactor at 1:5. Of 70 true negative animals tested, 68 were negative by the CF test.
Sera from 142 nPCR-positive cattle were forwarded to an independent certified laboratory for CF testing. Only 2 of these sera tested positive (1 at a 1:40 dilution and 1 at 1:5), and 14 animals had suspect reactions at 1:5. A total of 126 sera tested falsely negative in the CF test.
Considering suspect reactors at a 1:5 dilution on the CF test as positive, the agreement between the CF results and nPCR was 47.4%, with a kappa value of 0.125. 19 The CF test correctly identified 30 out of 150 nPCR-positive animals, yielding a sensitivity of 20% (95% confidence interval of 14-26% 19, 20 ) . The specificity of the CF test using a 1:5 suspect cutoff point was 98% (95% confidence interval of 95-100% 19, 20 ) , with 2 false-positive results of 82 animals tested. When a positive cutoff of 1:10 was used, the sensitivity of the CF test decreased to 14% (95% confidence interval of 8-20% 19, 20 ) , with 99% specificity (95% confidence interval of 97-100% 19, 20 ) .
After recovery from initial infection with A. marginale, nearly all cattle remain latently infected for life. 7, 9, 12 Serologic detection of these persistently infected animals presents a difficult challenge for any assay, because antibody levels decline and remain low during the carrier state. The sensitivity of the CF test in identifying carrier animals in this cohort was very low. The kappa value of 0.125 indicates a very poor agreement between the CF and nPCR results, just above the agreement attributable to chance. 19 In contrast, using the same cohort of animals, the rMSP5 cELISA had a sensitivity of 96% and a specificity of 95%, yielding an excellent kappa value of 0.91, 19 with a 93% predictive value for a negative test result. 21 The differences between the CF test and the rMSP5 cELISA are striking in this field study, in which the true infection status of a large number of animals in a naturally infected herd within an endemic region was stringently defined.
The CF test is prone to a high error rate, with false positives due to the presence of normal bovine erythrocyte stroma in the CF antigen and false negatives due to the failure to detect all bovine immunoglobulin isotypes (Proc Annu Meet US Anim Health Assoc 76:736-744). 5, 14, 15 A further limitation of this assay is the anticomplementary reactions of some sera, which render them untestable by CF. 3 Results from this study suggest that the CF test lacks the sensitivity needed for an effective anaplasmosis surveillance or eradication program. Furthermore, when used to regulate interstate or international movement of cattle, restrictions based on CF test results are inadequate to prevent the movement of infected animals into an anaplasmosis-free region. The rMSP5 cELISA has advantages over the CF test for identifying cattle persistently infected with A. marginale and should improve the effectiveness of eradication and regulatory programs aimed at preventing the spread of anaplasmosis.
